Since the introduction of this anticancer drug, a combination of S-1 and low-dose CDDP has been tested in our department as one of the candidates for first-line chemotherapy for unresectable and recurrent gastric cancer. We carried out a retrospective study for evaluating the efficacy and safety of S-1 and CDDP for gastric cancer. Here we report the results of this trial, along with two case reports.
Patients and methods

Patients
From July 1999 to June 2002, 18 patients with gastric cancer were treated with a combination of S-1 and low-dose CDDP as a first-line chemotherapy at Tottori University Hospital. The enrollment criteria for this combination chemotherapy were: patients with unresectable or recurrent gastric cancer who consented to the study after getting sufficient information. The subjects of this study were selected from these 18 patients, using eligibility criteria similar to those of the previous phase II study: (1) histologically proven unresectable or recurrent gastric cancer with measurable or assessable lesions; (2) age 20 years or more but less than 80; (3) performance status (PS) of WHO grade 2 or less; (4) life expectancy of 3 months or more; (5) adequate organ function, including bone marrow (white blood cells, Ն4000/mm 3 ; platelets, Ն100 000/mm 3 ), liver (serum bilirubin level, Յ1.5 mg/dl; serum transaminase level, Յ100 U/l), and kidney (serum creatinine Յ upper limit of normal range); and (6) no serious complications. Of the 18 patients who were given the drugs, 2 patients had no measurable or assessable lesions and 1 patient had a PS of grade 3. After the application of these criteria, 15 patients remained as the subjects for this study.
The tumor characteristics and staging were defined according to the Japanese classification of gastric carcinoma [21] .
Treatment schedule
The treatment schedule for S-1 was the same as that used in the previous phase II study; namely, S-1 was administered orally twice daily after meals. Three initial doses of S-1 were established according to the body surface area (BSA), as follows: BSA less than 1.25 m , 100 mg/day; BSA 1.5 m 2 or more, 120 mg/day. One course consisted of consecutive administration for 28 days followed by 14 days' rest. Low-dose CDDP was infused for biochemical modulation. Its initial doses were also established according to the BSA, as follows: BSA less than 1.5 m 2 , 5 mg/day; BSA 1.5 m or more, 10 mg/day. CDDP was used three times each week (days 1, 3, 5) during S-1 administration on hospitalization, and once each week (day 1) at the outpatient clinic. For some patients who complained of mild fatigue in the outpatient clinic, S-1 was administered for 14 days followed by 7 days' rest as one cycle. In these patients, two cycles were defined as one course, and CDDP was infused once every week (day 1) during S-1 administration. If an unacceptable degree of toxicity became apparent, the chemotherapy was postponed or the dose of S-1 was reduced. Granulocyte colony-stimulating factor (G-CSF) was administered when necessary. When progression of the disease was observed, this combination chemotherapy was stopped and changed to another one.
Evaluation of responses and adverse reactions
Objective responses to chemotherapy were evaluated according to the World Health Organization standard criteria for measurable metastatic lesions [22] . The responses of the primary lesions were evaluated according to the criteria recommended by the Japanese Research Society for Gastric Cancer [23] . The examinations for the evaluation of the chemotherapy were performed at least once for every two courses of treatment. Patients were followed up every 2 weeks to assess any toxic side effects either on hospitalization or in the outpatient clinic. For the assessment of adverse reactions, the Japan Clinical Oncology Group (JCOG) toxicity grading criteria were adopted [24] .
Results
Patients' characteristics
The patients' characteristics are summarized in Table 1 . The median age was 69 years (range, 37-79 years). Most of the patients had a good performance status (0 or 1) at the initiation of the chemotherapy. One of the 15 patients had a history of gastrectomy. A palliative operation was performed in 6 patients before chemotherapy, and 2 patients were given this combination chemotherapy as a neoadjuvant therapy. Thirteen patients (87%) had measurable metastatic lesions. The sites of metastasis were the lymph nodes in 13 patients (87%), the liver in 6 (40%), and the peritoneum in 5 (33%). Peritoneal dissemination was diagnosed by the presence of ascites or peritoneal tumors on computed tomography (CT) or ultrasound sonography (USG) examinations, or by confirmation through laparotomy or laparoscopy. None of the patients had received prior chemotherapy before the current treatment.
Response rate
Detailed clinical profiles and results of treatment are listed in Table 2 . The median number of courses of treatment administration was three (range, 1-7). Of the 15 patients in this study, none had a complete response and 8 had a partial response, giving a response rate of 53% (8/15). For site efficacy, the response rate was 50% (5/10) for the primary lesion, 50% (3/6) for liver metastasis, and 39% (5/13) for lymph node metastasis ( Table 3 ). The median response duration of the 8 responders was 4 months (range, 1-10 months). The average time to progression for all patients was 3.3 months.
Adverse reactions
The major adverse reactions are shown in Table 4 . Adverse reactions appeared in 60% (9/15) of the patients. The incidence of adverse reactions of grades 3 and 4 was 13% (2/15) and 0%, respectively. As for hematological toxicity, grade 3 leukopenia was observed in 2 patients (2/15), but decreased hemoglobin level and thrombocytopenia did not appear. Although gastrointestinal adverse reactions appeared in 40% (6/15), all reactions were grades 1 or 2. During this study, there were no deaths due to toxicity.
As some patients in this study showed remarkable tumor regression, we would like to describe two such cases. 
Case report 1
A 69-year old man, who had complained of upper abdominal discomfort for a month, was referred to the Tottori University Hospital. On physical examination, a tumor was palpable in the epigastric region. Gastrointestinal fiberscopy (GIF) and upper gastrointestinal series (UGI) showed a type 2 advanced gastric carcinoma, with sharply demarcated and raised margins, on the anterior wall in the antrum (Fig. 1A) . A biopsy specimen showed moderately differentiated tubular adenocarcinoma. CT and USG showed multiple liver metastatic lesions in the bilateral lobes, all of which were below 5 cm (Fig. 1C) . These examinations also showed that the gastric tumor had invaded the regional lymph nodes. The patient was given a diagnosis of stage IV gastric cancer (cT3, cP0, cH1, cN2, cM0) according to the Japanese classification of gastric carcinoma, 2nd English edition [21] . The PS of this patient was grade 0, and laboratory examination results were within the normal ranges. Because curative resection was impossible for this patient, the combination chemotherapy of S-1 and low-dose CDDP was started. S-1, 100 mg, was administered orally every day for 28 days, followed by 14 days' rest, as one course. As the biochemical modulator, 5 mg of CDDP was infused three times each week (days 1, 3, 5) during S-1 administration. One course resulted in a marked reduction of GIF revealed a small ulcer without raised margins. On the abdominal CT scan after treatment, the liver metastases and regional lymph nodes had decreased in size (Fig. 1C) . Only grade 1 nausea was observed during the chemotherapy. Therefore, we concluded that continuation of the combination chemotherapy at the outpatient clinic would be beneficial. After the third course, the effectiveness was evaluated by GIF, CT, and USG. Endoscopy revealed that the type 2 tumor had changed to an ulcer scar (Fig. 1B) . Although the chemotherapy was markedly effective for this patient, small but multiple liver metastases were revealed by CT scan.
During the fourth course, 5 months after the first administration, liver metastases were confirmed as regrowing. Thus, we changed the regimen for this patient to the second-line chemotherapy.
Case report 2
A 67-year-old woman with a 2-month history of appetite loss and epigastric discomfort was referred to the Tottori University Hospital. GIF and UGI demonstrated a type 4 advanced gastric carcinoma invading the duodenal bulb. A biopsy specimen showed poorly differentiated adenocarcinoma. An abdominal CT scan showed swelling of the regional and paraaortic lymph nodes and at least four metastatic lesions in the liver (Fig. 2A,B) . The patient was diagnosed with advanced disease (cT3, cP0, cH1, cN3, cM0; stage IV).
S-1, 120 mg, was administered orally every day for 28 days, followed by 14 days' rest, as one course. CDDP 10 mg was infused three times each week (days 1, 3, 5) during S-1 administration. Two courses resulted in the complete disappearance of the swelling in the paraaortic lymph nodes. The metastatic lesions of the liver and regional lymph nodes had decreased in size (Fig. 2C,D) , but the primary tumor was evaluated as "no change" (NC). Because the liver metastases had shown marked reduction, we concluded that curative resection could be achieved, using microwave coagulation therapy for the liver metastases.
Three weeks after the completion of the chemotherapy, and 4 months after the first administration, the patient was operated on. Although the primary tumor and regional lymph nodes were resectable en bloc, small multiple metastatic lesions less than 1 cm diameter were detected on the surface of the bilateral lobes of the liver. Therefore, only palliative total gastrectomy was performed. After the operation, an other regimen was employed for this patient to control the hepatic lesions.
Discussion
The prognosis of patients with unresected and recurrent gastric cancer is extremely poor. Although advances in surgical techniques have improved the prognosis of these patients, only a few survivors have been reported even after complete resection. In particular, there are few surgical benefits for those patients with metastases to other organs or distant lymph nodes. Thus, there is a great need for the development of chemotherapy that will improve the prognosis of these patients. Because response rates to the major drugs used alone have been reported to be less than 25% [4] [5] [6] , most patients with advanced gastric cancer are given combination therapies. According to a JCOG study, FP (5-FU combined with CDDP) therapy had a better response than 5-FU alone [25] . Continuous 5-FU with low-dose CDDP is widely used in Japan because the response rate to this regimen is equal to that of the original FP protocol, but with less toxicity [26] . Although low-dose FP therapy is available, no regimen yields better survival than continuous injection of 5-FU alone, but most patients need long hospitalization for systemic chemotherapy.
Shirasaka et al. [17] proposed a suitable formulation for a 5-FU derivative FT-based drug called S-1. This novel oral anticancer drug improves the tumor-selective toxicity of 5-FU, by the actions of two modulators, CDHP and Oxo. The phase II trials in Japan showed a high antitumor effect, and low toxicity [19, 20, 27] . Because 5-FU is widely included in study protocols of combined treatments for gastric cancer, the S-1-based combined regimens have been considered to merit consideration as an alternative treatment. Recently, the use of S-1 and low-dose CDDP was reported for several patients [28] [29] [30] , and a multicenter clinical study is in progress.
We have tested a combination therapy of S-1 and low-dose CDDP for patients with advanced gastric cancer. In our patients, treatment with this combination therapy induced a response rate of 53% (8/15) , which is similar to those of the phase II clinical trials of S-1 alone (54% in the early trial and 49% in the late trial). For site efficacy, the response rate was 50% (5/10) for the primary lesions, and 50% (3/6) for liver metastases, and these rates were better than those in the early and late phase II clinical trials (28% and 39% for the primary lesions, and 31% and 25% for liver metastases, respectively). S-1 tended to be more effective for lymph node metastases than for the primary lesion, lung metastases, or liver metastases in the phase II study. Moreover, the response rate for cervical lymph nodes (68%) was higher than that for abdominal lymph nodes (49%) [31] . In the present study, the response rate for lymph node metastases was 39% (5/13) while the prior studies revealed higher response rates (69% and 57%). This difference is considered to be due to the fact that all of the evaluable lymph node metastases in our study were abdominal ones. Thus, S-1 combined with low-dose CDDP shows promise as having a potent anticancer effect on advanced gastric cancer. Because the response rate of this combination chemotherapy in our study was not superior to the results of S-1 alone, the promising effect of low-dose CDDP for the biochemical modulation of 5-FU should be confirmed in a large randomized trial comparing S-1/low-dose CDDP and S-1 alone.
A phase I/II study of S-1 plus high-dose CDDP showed a high response rate (19/25; 76%). However, in that trial, adverse reactions were frequently observed [32] . In the current study, the incidence of adverse reactions was 60% (9/15). Although grade 3 toxicity was observed in 2 patients (13%), grade 4 toxicity was not encountered. This rate seems to be comparable with that of the previous phase II trials (20%). This result may indicate that there is now sufficient experience to control the adverse toxicity in S-1 treatment. Gastrointestinal adverse reactions appeared in 40% of patients in our study (6/15) , and all of the reactions were grades 1 or 2. These results indicate acceptable safety in the administration of S-1 combined with the infusion of CDDP.
In a setting of neoadjuvant chemotherapy, the regimen is required not only to induce a high response rate for improvement of resectability of the tumor but also to not induce severe toxicity that may delay surgery. It has been reported that some patients who received intensive neoadjuvant chemotherapy could not be operated on due to severe toxicity [33, 34] . While S-1 is effective for recurrent gastric cancer, it is expected to be useful as neoadjuvant chemotherapy because of its mild toxicity. Yoshikawa et al. [35] reported a patient with highly invasive gastric cancer who had undergone complete resection after neoadjuvant chemotherapy with S-1. In that patient, although the tumor had invaded the duodenum, pancreas, and transverse colon, involving the regional lymph nodes, the primary tumor was markedly reduced due to the chemotherapy. Another case report of the use of S-1 as neoadjuvant chemotherapy noted that curative resection was successfully performed because of the complete disappearance of metastases in the Virchow's and paraaortic lymph nodes [31] .
In our studies of S-1 combined with low-dose CDDP as neoadjuvant chemotherapy, complete resection of advanced gastric cancer has not been performed. However, this regimen showed remarkable antitumor effects in some patients. Therefore, S-1 in combination with other drugs is expected to be a useful chemotherapy for advanced gastric cancer.
